Chromogranin A (CGA) is the major protein of the secretory granule from chromaffin cells and also is found in a variety of endocrine cells. Although the sequence of this acidic glycoprotein has been elucidated recently, its biological function is unknown. Here we have purified CGA from chromaffin granules; the final preparation contained the 74-kDa native CGA together with two degradation productsthree bands near 60 kDa and a single band of 43 kDa. This preparation was found to inhibit (a maximum inhibition of 60% at 1 ,uM) the nicotine-induced, but not the high K+-evoked, catecholamine secretion from bovine chromafFmn cells maintained in primary culture. Spontaneous release was also affected in the nanomolar CGA protein concentration range. The observation that the inhibitory effect is strictly dependent on a preincubation step together with the modification of the CGA protein profile during this preincubation step suggests that the degradation peptide(s) rather than the 74-kDa native CGA-the '60-kDa bands or the 43-kDa singlet band-is actually involved in secretory cell activity. This was demonstrated by using trypsin-generated peptides that were inhibitory without the preincubation period. The rmding that unprocessed CGA is not active on chromaffin cell secretion suggests that this molecule is a precursor of a peptide(s) that is able to regulate catecholamine secretion. Thus, the present data suggest that a CGA-derived peptide(s) could exert a feedback control on chromaffin cell secretory activity-a mechanism that might be of importance during stress situations.
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The storage granules of chromaffin cells contain a considerable number of proteins and peptides that are coreleased with catecholamines (1) . The acidic chromogranins are the most important with chromogranin A (CGA; ref. 2) , the major member of the family accounting for nearly 40% of the total soluble protein in the vesicles. CGA is a single polypeptide chain with an apparent molecular mass of 74 kDa, the primary structure of which has been established (3, 4) . Antibodies raised against the native 74-kDa CGA recognize low molecular weight polypeptides in the soluble granule lysate; since it is now clear that CGA is synthesized from a single gene (3) (4) (5) , it can be concluded that the smaller species are degradation products. The chromogranins recently have received a great deal of attention because data have been accumulated on the ubiquitous occurrence of CGA in a variety of neuroendocrine systems (6) (7) (8) (9) (10) . However, despite the widespread distribution of these proteins, no function has been conclusively established. Recently, pancreastatin, a 49-amino acid peptide found in porcine pancreas (11) , which is 71% similar to a sequence of bovine CGA (12), has been described as a potent inhibitor of insulin secretion from rat pancreas. Here, we report that 74-kDa CGA is a precursor of low molecular weight degradation products that appeared to be potent inhibitors of nicotineinduced catecholamine secretion from cultured chromaffin cells. Thus, chromaffin cell secretory activity is regulated by CGA-derived peptides that exert a feedback regulatory control.
MATERIALS AND METHODS
Purification of CGA Family (CGAF) Proteins from Bovine Chromaffin Granule Lysate. Chromaffin granules were isolated from 30 g of bovine adrenal medulla (13) , and soluble proteins were separated from membranes after lysis and centrifugation (14) . Soluble proteins were first fractionated (15) on a concanavalin A-Sepharose column (0.9 x 15 cm) by using a 0.1 M sodium acetate (pH 6.0) buffer containing 1 M NaCl; 1 mM each MgCl2, MnCl2, and CaCI2; and 0.05% NaN3. Soluble proteins were passed three times down the column at a flow rate of 10 ml/hr; these three runs were necessary to assure the complete removal of dopamine ,3-hydroxylase, glycoprotein III, and the chromogranin B family of proteins. Proteins not retained on the lectin column were dialyzed, lyophilized, and dissolved in buffer A (20 mM sodium acetate/0.1 mM dithiothreitol/0.1 mM EDTA/5 mM EGTA, pH 6.0). One milligram of protein then was applied on an Ultropac TSK DEAE-5PW column (7.5 x 75 mm; LKB) and eluted by using a gradient of NaCl in buffer A at a flow rate of 0.5 ml/min. Detection of CGA in column fractions was monitored by NaDodSO4/gel electrophoresis and immunoblotting with specific anti-CGA antiserum (10) . Anti-CGA immunoreactive material was eluted at 0.25 M NaCl; these fractions were collected, dialyzed, lyophilized, and dissolved in gel filtration buffer B (0.1 M sodium acetate/0.1 M NaCl/0.1 mM EDTA/5 mM EGTA/0.1 mM dithiothreitol, pH 6.0). Aliquots (0.2-0.3 mg of protein in 0.2 ml) were applied to an Ultropac TSK G-3000 gel filtration column (7.5 x 300 mm; LKB) and eluted at a flow rate of 0.3 ml/min. CGAF-containing fractions (50 ml) were collected, dialyzed for 48 hr against 5 liters of water (with two changes), and lyophilized. From (19, 20) Electrophoresis, Electrophoretic Transfer, and Immunological Detection. Monodimensional polyacrylamide gel electrophoresis was performed under reducing conditions with 10% gels and with Tris/glycine electrophoresis buffer (21) . The conditions for separation of proteins by electrophoresis on two-dimensional gels have been described (22) . Proteins ._ o1.
I -pI resolved on NaDodSO4 gels were transferred electrophoretically to nitrocellulose sheets (23) and were immunostained with anti-CGA antiserum (10) diluted 1:10,000. After being washed, the blots were incubated with horseradish peroxidase-labeled goat anti-rabbit immunoglobulins (Institut Pasteur Production, Paris), and immunoreactive bands were visualized as described (24) . Blots were scanned in a TLC/high-performance TLC (CAMAG, Muttenz, Switzerland) scanner at 577 nm. Presentation of Data. Most data shown are representative of six separate experiments with three different CGAF protein preparations. Each point is the mean of duplicate or triplicate determinations ± SD.
RESULTS AND DISCUSSION Characterization of CGAF Proteins. CGAF proteins were purified from bovine chromaffin granule lysate by sequential chromatography, which afforded the complete removal of dopamine,B-hydroxylase, chromogranin B family proteins, and chromogranin C. The total CGA activity was eluted as a single peak by DEAE chromatography and was resolved into two overlapping peaks in the exclusion volume of the gel filtration column ( Fig. 1 A and B) . Electrophoretic profiles were identical for both peaks, except that their relative protein ratio differed slightly. Anti-CGA antibody (10) revealed that all two-dimensional gel-separated spots were immunoreactive ( Fig. 1 C and D) : the 74-kDa component was native CGA, whereas the 60-kDa triad of bands and 43-kDa single component were major degradation products, which are present in secretory granules. On gel filtration, these three component proteins behave apparently as high molecular weight aggregates, an observation that also has been reported by others (25) ; this is due to their conformation as random coil polypeptides (26, 27) . This final protein preparation was devoid of species with molecular masses below 43 kDa, as seen from gel profiles overloaded and stained with silver. This preparation, composed of the native 74-kDa CGA, the 60-kDa set of three components, and 43-kDa single component in a ratio of 5:4:1 as estimated from scanned immunoblots, contained solely proteins of the CGAF. The effects of these CGAF proteins were then tested on the secretory activity of chromaffin cells.
Effect of CGAF Proteins on Chromaffin Cell Secretory Activity. Stimulation of cultured chromaffin cells with nicotine produced the liberation of 30% of secretory products in our experimental conditions. Thus, it is possible to calculate from the number of CGA molecules per cell (28) and from the number of cells per well that a 30% secretion produces a concentration of CGA of -0.1 AM in the external medium.
Therefore, the effect of CGAF proteins was tested in the 0 to 1 AM range.
A 45-min preincubation of cultured cells with CGAF proteins prior to nicotinic stimulation had two important effects on catecholamine secretion (Fig. 2) . First, spontaneous release was inhibited at low CGAF protein concentrations (50 nM produced a variable inhibition ranging from 20% to 50% depending on cell preparations), and this inhibition did not increase at higher CGAF protein concentrations. Second, the nicotine-induced secretion was dramatically inhibited: 1 AM CGAF proteins inhibited release by 40%. Increase of CGAF protein concentration to >1 AM did not significantly accentuate the extent of inhibition, suggesting that CGAF protein concentration was not the limiting factor in these experimental conditions. The CGAF proteininduced inhibition was repeatedly observed with nicotinic stimulation, but it proved to be imperative to preincubate the cells with CGAF proteins: half-maximal inhibition was observed after 35 min of preincubation (Fig. 3) . However, this effect was nonlinear with an initial time delay of 10 min, Protein, pM suggesting that changes in protein composition of CGAFcontaining preparations could occur. In addition, this process was dependent on the presence of cultured cells because CGAF proteins maintained at 370C for up to 60 min in cell-free wells also required a preincubation step to inhibit secretion. Thus, we thought that proteolytic degradation of CGAF proteins might be occurring during this preincubation. Effect of CGAF Proteolytic Fragments. To further verify the actual inhibitory effect of CGAF-derived products, CGAF proteins were first treated with trypsin for 60 min and then applied for only 5 min to cultures; then cells were stimulated. Whereas 1 ,uM native CGAF proteins produced a 5% inhibition of secretion in 5 min, equivalent amounts of trypsin-treated CGAF proteins resulted in a 40% inhibition of total release (Fig. 4) . There was a close relationship between the incubation time of CGAF proteins with trypsin and the effect of trypsin-digested proteins on the secretory response: the optimal effect was obtained when proteins were digested for 60 min at a 1:1000 trypsin/CGAF protein ratio. Longer digestion periods resulted in the disappearance of the inhibitory effect. These data showed that CGA is probably not itself active but acts through a peptide produced by proteolysis during the preincubation step. How is this peptide produced? Recently, Chubb and co-workers described the proteolysis of CGA with purified acetylcholinesterase (29) . Acetylcholinesterase is present on the chromaffin cell plasma membrane as an ectoenzyme and, thus, seemed to be a possible candidate to generate CGA-derived peptides. However, the addition of 0.1 mM physostigmine sulfate, an inhibitor of acetylcholinesterase, did not prevent the inhibition of catecholamine release (data not shown). A carboxypeptidase B-like exopeptidase present in a soluble form in the chromafflin granule (30) also is released upon cell stimulation (31). Although we do not know yet what enzymes are responsible for chromogranin processing, these observations suggest that several specific proteases exist in the storage granules and that the degradation of CGA and CGA-derived components during the preincubation period could be due to the release of these enzymes together with catecholamines. Therefore, we examined the profile of proteins immunoreactive with anti-CGA antibody (10) after a 60-min incubation with stimulated chromaffin cells (Fig. 5) . We did find a change in the relative amounts of the immunoreactive bands: the 74-kDa CGA band decreased by 15%, while the 60-kDa triplet increased. Since no low molecular weight immunoreactive bands appeared (Fig. 5) , the degradation of the 74-kDa band is likely to produce short peptides active at a concentration that represents only a few percent of the initial CGA concentration. This would suggest that under our experimental conditions, the low but consistent spontaneous release (5% in 10 min) results in the appearance of proteolytic enzymes in the external medium in sufficient quantities to cleave CGA into peptides.
To further characterize the nature of the inhibition, the time course of secretion from CGA-treated cells was compared to that from untreated cells (Fig. 6 ). Cells were preincubated for 60 min either in the presence or absence of 1 gM CGAF proteins and then stimulated with nicotine.
Treated cells secreted catecholamines at a slower rate than did untreated cells, but maximum release occurred similarly 30 sec after stimulation. However, release from CGAFtreated cells was complete 3 min after stimulation, while untreated cells were still secreting at that time. To test if CGAF proteins could modulate calcium entry, cells were stimulated with high K + instead of nicotine. CGAF proteins did not affect potassium-induced catecholamine release, whereas the nicotinic response was inhibited, suggesting that CGAF proteins may act at the nicotine receptor level rather than at a later stage of stimulus-secretion coupling common to both stimuli (Table 1) .
Secretory granules from chromaffin cells contain, in addition to low molecular weight constituents such as catecholamines and nucleotides, several opioid-like peptides and proteins (1) . Catecholamines are known to be involved in the molecular mechanism of stress (32) , and opioid-like peptides that are coreleased with catecholamines (33, 34) are likely to be responsible for stress analgesia (35) . However, to date, studies have failed to demonstrate that enkephalins and other endogenous peptides could regulate chromaffin cell activity (36, 37) . The present data show the potential role of CGA in the regulation of secretion in chromaffin cells. These results might help to understand the intriguing presence of large amounts of CGA and derived peptides in chromaffin granules (up to 1 mM) and in secretory granules from a variety of endocrine cells. required to produce inhibition of secretion are compatible with those obtained after release, indicating that this inhibition can occur under physiological conditions. Thus, we believe that CGA peptide regulation of catecholamine secretion could be of importance in the regulation of stress.
